Two new cyclic depsipeptides, W493 C (1) and D (2), along with two known derivatives W493 A (3) and B (4) were obtained from the endophytic fungus Fusarium sp. isolated from the Mangrove plant Ceriops tagal. The structures of the new compounds were determined on the basis of one-and two dimensional NMR and high-resolution mass spectroscopic data. The absolute configurations of the amino acid residues of 1 and 2 were confirmed by application of Marfey's method. W493 A (3) and B (4) exhibited moderate activity against the fungus Cladosporium cladosporiodes and weak antitumor activity against the human ovarian cancer cell line A2780.
Endophytic fungi belonging to the genus Fusarium have been found to produce biologically active cyclic depsipeptides, including enniatins [1, 2] , beauvericin [3] , fusaristatin A [4] , Nmethylsansalvamide [5] , sansalvamide [6] , HA23 [7] , W493 A and B [8] . These secondary metabolites showed antitumor, antifungal, cytotoxic, antibiotic and antiviral properties [1] [2] [3] [4] [5] [6] [7] [8] . In the course of our studies on the endophytic fungus, Fusarium sp. isolated from the Chinese Mangrove plant Ceriops tagal, two new cyclic depsipeptides, W493 C (1) and D (2) were obtained ( Figure 1 ). The new cyclic depsipeptides are structurally related to the known derivatives W493 A (3) and B (4) , which were reported as new types of 3S-hydroxy-4R-methyl fatty acid-containing depsipeptides [8] . Herein, we report the isolation and structure elucidation of the new compounds.
The ethyl acetate extract of Fusarium sp. (Ct-S-1) was separated by flash normal-phase chromatography and further purified by a combination of column chromatography including silica gel, Sephadex LH-20 and semi-preparative HPLC to yield four cyclic depsipeptides (1) (2) (3) (4) .
Compound 1 was obtained as a colorless solid. The HRESIMS data for 1 gave the molecular ion peak [M+H] + at m/z 860.5131 and the molecular formula was determined as C 43 H 69 N 7 O 11 , consistent with thirteen double bond equivalents. The 1 H NMR spectrum in DMSOd 6 displayed characteristics of a typical depsipeptide [7, 9] , illustrating six amide NH protons (δ H 8.57-7.41), six α-amino protons (δ H 4.50-3.81) and one ester carbinol proton (δ H 4.84). Similarly, the 13 C NMR spectrum of 1 revealed the resonances of eight carbonyl carbons (δ C 173.1-168.4) attributable to ester/amide functionalities and two oxygenated sp 3 hybridized carbons (δ C 66.6 and 75.1). Extensive analysis of 2D NMR data (COSY and HMBC) revealed the presence of six amino acid residues, which could be assigned to one isoleucine (Ile), one glutamine (Gln), one threonine (Thr), one tyrosine (Tyr) and two alanine (Ala-1 and Ala-2) residues. Moreover the 1 H NMR and COSY spectra of 1 disclosed the presence of a continuous spin system composed of an oxymethine proton at δ H 4.84 (H-3), two methyl groups at δ H 0.90 and 0.86 (4-CH 3 indicating the presence of a 3-hydroxy-4-methyldodecanoic acid (HMDA) moiety. This was corroborated by the HMBC correlations from H 2 -2 to C-1 (δ C 168.4) and C-3 (δ C 75.1); H 3 -4 to C-3, C-4 (δ C 34.7) and C-5 (δ C 31.5); H 2 -10 to C-9 (δ C 28.6) and C-11 (δ C 22.0); and H 3 -12 to C-11. These functionalities accounted for twelve of the thirteen degrees of unsaturation, which suggested 1 was a cyclic depsipeptide.
The sequence of amino acids and the fatty acid component was established by a detailed examination of the HMBC spectrum of 1. Accordingly, the HMBC correlations from the amide protons of Thr (δ H 7.89), Ala-1 (δ H 7.81), Ala-2 (δ H 8.36), Gln (δ H 8.09), Tyr (δ H 7.42), and Ile (δ H 8.57) to the carbonyl carbons of the vicinal amino acid residues HMDA (δ C 168.4), Thr (δ C 170.3), Ala-1 (δ C 173.1), Ala-2 (δ C 172.1), Gln (δ C 171.0) and Tyr (δ C 172.3), respectively, disclosed the sequence of 1 as HMDA-Thr-Ala(-1)-Ala(-2)-Gln-Tyr-Ile. In addition, the location of the ester linkage was established by the downfield chemical shift of H-3 (δ H 4.84), accounting for the remaining element of unsaturation in the structure of 1. These data were in agreement with those observed for the known compound W493 B (4) [8] , apart from the absence of two methylene groups in the aliphatic chain of 1 compared with 4, which accounts for the molecular weight difference of 28 amu observed between both compounds. Thus, compound 1 was identified as a new natural product for which the name W493 C is proposed. data of 2 were suggestive of a depsipeptide displaying six amide NH protons (δ H 8.57-7.41), one ester carbinol proton (δ H 4.83), and eight ester/amide carbonyl carbons (δ C 173.3-168.1). In addition, overlapping methylene signals in the highfield region were diagnostic of a linear alkyl chain ( Table 1 ). Comparison of the spectroscopic data of 2 with those of 4 revealed close structural similarity between these two compounds. The only difference was the incompatibility in the resonances assigned to the 3-hydroxy-4methyltetradecanoic acid (HMTA) moiety in 4, thus suggesting the presence of a different fatty acid residue at this position in the structure of 2. Detailed analysis of the COSY spectrum of 2 allowed us to establish a long spin system starting from CH 2 -2 and sequentially extending until CH 3 -14, with CH-4 further correlating with an aliphatic methyl (4-CH 3 ) ( Figure 2 ). In addition the HMBC correlations from H 3 -4 to C-3 (δ C 75.1), C-4 (δ C 34.2) and C-5 (δ C 31.6); H-6 to C-4, C-5, and C-7 (δ C 131.3); H-9 to C-8 (δ C 131.3) and C-10 (δ C 28.6); and H 3 -14 to C-12 (δ C 25.6) and C-13 (δ C 21.9) were observed. These data indicated the presence of a 3-hydroxy-4methyltetradec-7-enoic acid moiety, which is in accordance with the decrease in the molecular weight of 2 amu of 2 compared with 4. Moreover, the E geometry of the double bond was deduced on the basis of the large coupling constant between H-7 and H-8 ( 3 J 7,8 15.4 Hz). In the 1 H NMR spectrum of 2, the signals observed for both protons H-6 and H-9 were shifted slightly downfield by 0.67 ppm compared with the corresponding resonances observed in 4 [8] , which provided additional evidence and corroborated the presence of the double bond at C-7/8. However, it should be noted that due to the extent of overlapping signals in the aliphatic systems, the determination of the double bond can be ambiguous when solely dependent on NMR interpretation. Attempts to prove further the position of the double bond using a combination of GC-MS and chemical transformations, such as dimethyl disulfide derivatization, were hindered due to the small amount of compound isolated. By analogy with arguments presented above, the side chain in 2 was tentatively assigned as 3-hydroxy-4-methyltetradec-7-enoic acid.
Detailed analysis of COSY and HMBC data of 2 confirmed the presence of the same amino acid residues as found in 4. In addition, HMBC correlations between the amide proton and the carbonyl groups of adjacent amino acid residues established the connection of these residues (Figure 2) , and allowed the assignment of the planar structure of 2 as depicted ( Figure 1 ). Therefore, compound 2 was identified as a new natural product and was given the name W493 D.
The absolute configurations of the amino acid residues in 1 and 2 were determined by application of Marfey's method. The hydrolysates of the parent peptides were derivatized with Marfey's reagent (N-α-(2,4-dinitro-5-fluorophenyl)-L -alaninamide) and analyzed by analytical HPLC and LC-MS. By comparison of the retention times of the reaction products with appropriate amino acid standards, the configurations of the respective amino acids were determined as L -Ile, D -Tyr, L -Gln, D -Ala, L -Ala and D -allo-Thr, which are identical to those of W493 A (3) and W493 B (4). However, due to the limited amount of sample that was obtained from the fungal extract, the positions of L -Ala and D -Ala in the structures of 1 and 2 could not be determined. With regard to the fatty acid moiety, the absolute configuration of the chiral centers at C-3 and C-4 has been previously established as S and R, respectively, through chemical synthesis and by comparison of the spectroscopic data of each diastereomer with those of the respective natural product [8, 10] . Based on the similar NMR data and coupling constants of 1 and 2 with those observed for 3 and 4 [7] , in addition to their close biogenetic relationship, it may be assumed that compounds 1-4 share the 3S and 4R configuration in the fatty acid moiety, as well as the same sequential positions of L -and D -Ala residues (Figure 1) . Compounds 3 and 4 were obtained in considerable amounts that allowed us to evaluate their cytotoxicity toward human ovarian carcinoma sensitive (A2780 sens) and cisplatin-resistant (A2789 CisR) cell lines. Both compounds exhibited weak activity against A2780 sens cell line with growth inhibition values of 48% and 42%, respectively, whereas they were inactive against A2789 cisR cell line at a dose of 10 μg/mL. Compounds 3 and 4 were further assayed against the fungus Cladosporium cladosporiodes and showed moderate activity causing an inhibition zone of 12.0 and 9.5 mm, respectively, at a dose of 50 μg/disk. The antifungal activity of 3 and 4 against Cladosporium resinae, Venturia inaequalis, Monilinia mali, and Cochliobolus miyabeanus have been previously described by Nihei et al. [8] .
Experimental

General experimental procedures:
Optical rotations were determined on a Perkin-Elmer-241 MC polarimeter. 1D and 2D NMR spectra were recorded at 297.9 K using DMSO-d 6 as a solvent on a Brucker Avance DMX 600 MHz spectrometer with TMS as internal standard. Mass spectra were measured with a LC-MS HP1100 Agilent Finnigan LCQ Deca XP Thermoquest, and highresolution electrospray ionization mass spectra (HRESIMS) were recorded on a UHR-TOF maXis4G (Bruker Daltonics, Bremen) mass spectrometer. HPLC analysis was performed with a Dionex P580 system coupled to a photodiode array detector (UVD340S) at 235, 254, 280, and 340 nm. The separation column (125 × 4 mm) was prefilled with Eurosphere-10 C18 (Knauer, Germany). Semipreparative HPLC was performed using a Merck Hitachi HPLC System (UV detector L-7400; pump L-7100; Eurosphere-100 C18, 300 × 8 mm, Knauer, Germany). Column chromatography was performed on silica gel 60 M (230−400 mesh ASTM, Macherey-Nagel GmbH & Co. KG, Dueren, Germany) and Sephadex LH-20 (Sigma).
Biological material:
The fungus Fusarium sp. (Ct-S-1) was isolated from a fresh stem of the mangrove plant Ceriops tagal, collected from Hainan Island, P. R. China, in May 2013. The fungus was identified according to a molecular biological protocol by DNA amplification and sequencing of the ITS region, as described in our previous report [11] . The sequence data derived from the fungal strain have been deposited at GenBank with accession number 05GF29. The fungal strain was identified as Fusarium sp. and a voucher strain was deposited at the corresponding author's laboratory (P.P.).
Fermentation, extraction, and isolation:
Fifteen Erlenmeyer flasks (1L each) containing 100 g of rice and 100 mL of distilled water were autoclaved (121°C, 20 min). A small part of the medium from a Petri dish containing the purified fungus was transferred under sterile conditions to the rice medium. The fungal strain was grown on solid rice medium at 20°C for 24 days. The fermentation was stopped by EtOAc (500 mL each flask). The extraction was completed after shaking the flasks on a laboratory shaker (150 r/min) for 8 h.
The EtOAc extract of Fusarium sp. (3.6 g) was subjected to vacuum liquid chromatography (VLC) on silica gel using gradient elution of n-hexane−EtOAc, followed by CH 2 Cl 2 −MeOH to obtain a total of 12 fractions. The fraction eluted with DCM−MeOH (4:1) was separated over Sephadex LH-20 using DCM−MeOH (1:1) as mobile phase to afford a sub-fraction (700 mg). This was further separated by semi-preparative HPLC with MeOH−H 2 O with 0.1% TFA (90: 10) to yield 1 (2.5 mg), 2 (2.3 mg), 3 (35.5 mg) and 4 (180 mg).
W493 C (1) colorless solid.
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Marfey's analysis of compounds 1 and 2:
Each of the isolated peptides (0.5 mg) was hydrolyzed in 6M HCl (1.0 mL) at 110℃ for 24h. The hydrolysate containing a mixture of free amino acids was cooled, evaporated to remove the acid (HCl) and redissolved in H 2 O (70 μL) (I). Marfey's reagent (FDAA = N-α-(2,4-dinitro-5fluorophenyl)-L -alaninamide) (0.5 mg) was dissolved in acetone (100 μL) and 1M NaHCO 3 solution (20 μL) (II). The mixture of I and II was incubated at 40°C for 1 h. The reaction was stopped by addition of 10 µL of 2M HCl and the derivatized product freezedried overnight, redissolved in MeOH and analyzed by LC-MS. Derivatization of commercially available L -and D -amino acid standards (Sigma-Aldrich, Germany) was achieved in the same manner as applied to the hydrolysis products originating from compounds 1 and 2. The retention times of the derivatized standard amino acids and of the derivatized amino acids obtained following hydrolysis of the peptide were compared to distinguish D -and Lamino acids. The molecular weights and retention times (min) of the FDAA derivatives were: L -Ala (341, 20.66), D Antifungal activity assay: Antifungal testing was performed against the endophytic fungus Cladosporium cladosporiodes using the agar plate diffusion assay [12] . Applied amounts were 50 μg of compound per test disk. Nystatin was used as positive control with halo diameter of 26 mm at the 50 μg level.
Cytotoxicity assay: Cytotoxicity was tested against human ovarian cancer (A2780 sens and A2780 CisR) cell lines, using the MTT assay [13] . Cisplatin (CDDP) was used as positive control and exhibited inhibition values of 91% (A2780 sens) and 77% (A2780 cisR) at 100 μM.
Supplementary data: NMR spectra ( 1 H, 13 C, DEPT, HSQC, HMBC, 1 H-1 H COSY) and HRESIMS spectra of compounds 1 and 2 are available.
